Recently, accumulating evidence provides that dysregulation of microRNAs (miRNAs) is considered to play vital roles in tumor progression. Based on microRNA arrays, we found that microRNA-448 (miR-448) was significantly downregulated in breast cancer tissue specimens. In our study, we were in an effort to clarify the function, the direct target gene, and the molecular mechanisms of miR-448 in breast cancer. By quantitative RT-PCR, we analyzed the expression of miR-448 in 16 patients with BC. Overexpression of miR-448 was established by transfecting miR-448-mimics into MDA-MB-231 and MCF-7 cells, methyl thiazolyl-tetrazolium and colony formation assays were performed to evaluate its effects on cell proliferation. We also performed cell migration and invasion assays in breast cells overexpressing miRNA-448. All the results indicated that overexpression of miR-448 in breast cancer cells markedly suppressed cell proliferation, migration, and invasion. Through the quantitative RT-PCR and Western Blots, we also evaluated epithelial-mesenchymal transition. We found that overexpression of miR-448 also downregulated the expression of vimentin, a well-known mesenchymal marker. Meanwhile, the epithelial marker E-cadherin was unregulated, suggesting that miR-448 inhibited epithelial-mesenchymal transition . Bioinformatics assay coupled with Western Blot and luciferase assays revealed that miR-448 directly binds to the 3 0 UTR of Ecadherin repressor ZEB1/2, resulting in suppression of epithelial-mesenchymal transition in breast cancer cells.
Introduction
Similarly with most other countries, breast cancer (BC) is reported to be the most common cancer in China. 1 In the USA, after skin cancer, BC is the second most frequent cancer among women. In 2017, there will be approximately 252,710 new cases of invasive BC are expected to be diagnosed and about 40,610 women in the U.S. are expected to die (data from http://www.breastcancer.org). Too many risk factors may contribute to developing BC, such as female sex, obesity, reproductive factor, and inherited factor.
2-4 BC, associated with a variety of changes in expression of related genes, is a complicated and multifactorial genetic disease.
It has been largely accepted that, in the pathogenesis of human cancers, the deregulation and dysfunction of miRNAs play a significant role. 5 Cleaved from long hairpin premiRNA($100 nucleotides) precursors by cytoplasmic RNase III Dicer, mature miRNAs are a class of short RNA molecules of $22 nucleotides in length. 6 Aberrant expression of miRNAs may be linked to tumorigenesis since they play a vitally important role in various cellular processes. [7] [8] [9] [10] [11] Recent advances have made great progress in unraveling the molecular mechanism of BC. It has been reported that various of miRNA are obviously deregulated in human BC tissues. 12 miRNAs are heralded to be one set of the novel biomarkers and therapeutic targets for BC. 13, 14 Impact statement
In our study, we revealed that miR-448 played a vital role in breast cancer development and we also uncovered the mechanisms of it. Following is the short description of the main findings: miR-448 is downregulated in BC.
miR-448 regulates cell proliferation, migration, and invasion in BC.
miR-448 specifically regulates ZEB1/2 through binding to the 3 0 UTR in BC cells.
miR-448 inhibits cell migration, invasion, and EMT by targeting to the 3 0 UTR of ZEB1/2.
Two research groups reported that miR-448 was considered to be an EMT-associated miRNA. Down regulation of miR-448 may amplify the positive feedback loop between NF-jB and miR-448, leading to the induction of EMT and eventually accelerates BC formation. 15, 16 In the progression toward cancer metastasis, epithelialto-mesenchymal transition (EMT) is deemed to be a crucial event, which triggers cellular mobility and then results in the invasion of tumor cells. 17, 18 During the EMT progression, mediated by EMT-inducing transcriptional repressors ZEB1/2(zinc finger E-box binding homeobox), epithelial cells loss of expression of E-cadherin and cell-cell contacts, change their apical-basal polarity, and then transdifferentiate into mesenchymal cells. During the EMT event, the eminent marks are loss of the expression of E-cadherin, the epithelial markers, and increase in the expression of N-cadherin and vimentin which are the mesenchymal markers. 19 Recently, it has been reported that by interacting with the miRNA-200 family, the EMT-activator ZEB1/2 plays crucial role in promoting the metastasis. [20] [21] [22] Thus, targeting the network of ZEB1/2 and miRNAs might shed a new light on the etiology of the disease for fatal tumors, such as BC.
In our study, we find that the expression of miR-448 is downregulated in BC tissues and cell lines, which is correlated with an upregulation of ZEB1/2 in BC cell lines. Furthermore, ectopic expression of miR-448 regulates EMT in BC cells as well as inhibits migration and invasion of BC cells. The effects of miR-448 downregulation on EMT markers and cell mobility are released by deleting the 3 0 UTR of ZEB1/2. Our study has proved it strongly that miR-448 facilitates the invasive abilities of BC cells by directly interacting with the E-cadherin repressor ZEB1/2.
Materials and methods

Microarrays analysis
Three pairs of breast cancer tissue specimens were subjected to miRNA microarray analysis as previously described. 23 
Human samples and cell lines
Primary human BC and normal samples were collected at the Affiliated Hospital of Nantong University. All BC cell lines were purchased from the ATCC (Manassas, Virginia, USA). MCF-7 was maintained in RPMI, 1640 supplemented 10% calf serum (CS) and 1% antibiotics (penicillin/ streptomycin); MDA-MB-231 was maintained in L-15 supplemented 10% fetal bovine serum (FBS) and 1% antibiotics (penicillin/streptomycin).
Plasmids construction
3 0 -UTR of ZEB1/2 containing miR-448 response element was inserted into the pGl4.13 luciferase reporter plasmid as described previously. 24 The mutated plasmids were generated by PCR using QuickChange XL Site-Directed Mutagenesis Kit (Stratagene).
Cell proliferation assay and colony formation assay BC cells/well (5 Â 10
3 ) was seeded in 96-well plates. After overnight incubation, methyl thiazolyltetrazolium (MMT) metabolism test was performed to detect cell proliferation. For the colony formation assay, 500 cells were plated in 60 mm petri dish and cultured for 14 days. Cell staining and colony counting were performed as previously described. 25 
RNA oligonucleotides and transfection
Control miRNA or miR-448 (50 nM, BiomicsRNAi, Nantong, China) was transfected into BC cells using Lipofectamine RNAi MAX (Invitrogen).
Migration assay and invasion assay
To assess the migration, 5 Â 10 4 BC cells were seeded into the upper chamber of inserts (BD Biosciences), while 1 Â 10 5 BC cells were used for invasion assay. Cell staining and data analysis were performed as previously described.
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Quantitative real-time PCR Total RNA from BC cells was extracted using TRIzol reagent (Invitrogen) and the cDNA was synthesized by RT-PCR. SYBR green qPCRs were performed on PCR Lightcycler 480 (Roche).
Primer sequences: ZEB1 forward 5
To determine the expression levels of miRNA, hydrolysis Probes miRNA assays (Applied Biosystems) were performed and U6 snRNA was used for normalization.
Western blotting analysis
Cells were lysed in RIPA buffer as previously described 26 and the whole cell lysis was subjected to BCA protein assay (Pierce) to evaluate the protein concentration; 20$50 lg of lysate protein were further separated in SDS-PAGE. All the antibodies used were purchased from Cell Signaling Technology Company. b-actin was used as the endogenous control.
Statistical analysis
For all the experiments, at least three independent experiments were carried out and the results were presented as mean AE SD. Student t-test was employed to assess the differences and statistical significance was defined as p < 0.05.
Results miR-448 is downregulated in BC tissue specimens and cell lines and has a negative correlation with the level of ZEB1/2
Through miRNA array, we found that comparing with the adjacent non-tumor tissues (<2 cm from tumor margin) (Figure 1(a) ), the level of miR-448 was significantly reduced in breast cancer (BC) tissue specimens (Figure 1(b) ). The association between miR-448 expression and clinicopathological characteristics of patients is shown in Table 1 .
5,11
Then, we used paired human BC tissues (tumor tissue and adjacent non-tumor tissues) to demonstrate the level of expression of genes such as tumor suppressors pten and oncogene c-Myc (Figure 1(c) and (d) ). The results revealed that the adjacent non-tumor tissues were suitable for standing the normal tissues in our following analysis. It is recognized that miRNAs mainly bind to the 3 0 UTR of their target mRNA to inhibit it, and we searched the online database (www.targetscan.org, www.microrna.org.org) for predicting the miRNA target and picked up ZEB1/2 as the candidates (Figure 3(a) ). 27, 28 We then investigated the expression of miR-448 and ZEB1/2 in 16 paired clinical human BC tissues by qRT-PCR. Compared with normal tissues, miR-448 in the tumor tissue was significantly reduced, while the ZEB1/2 increased dramatically (Figure 1(e) to (g) ). We further detected the miR-448 level in four human BC cell lines. Compared with the normal human breast cells, BC cells harbored obviously lower miR-448 level (Figure 1(h) ). IWB assay results were quantitation and showed that the level of ZEB1/2 was higher in BC cells compared with the normal breast cell (Figure 1 (i) to (l)). Hence, miR-448 is downregulated in BC and has a negative correlation with the level of ZEB1/2, indicating an inhibitory effect of miR-448 in BC pathogenesis.
miR-448 suppresses the proliferation, migration, and invasion of BC cells
To determine whether decreased miR-448 was related to the occurrence of BC cancers, we generated miR-448-mimics and miR-448-inhibitor. By qRT-PCR, we first confirmed the expression efficiency of miR-448-mimics and miR-448-inhibitor in two independent BC cell lines (MDA-MB-231 and MCF-7) (Figure 2(a) ). Next, we examined the level of Twist1, which is also a well-known repressor of E-cadherin and a direct target of miR-448. The results revealed that the Twist1 expression level was downregulated in miR-448-mimics-transfected cells, while upregulated in miR-448-inhibitor-transfected cells (Figure 2 (b) and (c)) which means that miR-448-mimics/inhibitor achieves a steady-state efficiency. As evidenced by MTT assay, overexpression of miR-448 effectively inhibited the proliferation of MDA-MB-231 and MCF-7 cells (Figure 2(d) ). These results which are confirmed by the colony formation assay (Figure 2 (e) and (f)) indicated that the cell proliferation and viability were notably changed after manipulating miR-448 expression levels in BC cells. It has been noted that the EMT is engaged in cell migration and invasion. 29, 30 Our wound-healing assay results showed that overexpression of miR-448 contributse to a significant reduction of migrating cell numbers in BC cells (Figure 2(g) and (h) ). Otherwise, transwell assay revealed that forced expression of miR-448 obviously decreased cell invasion when compared with scramble miRNA-transfected cells (Figure 2(g) and (h) ). Conversely, inhibition of miR-448 undoubtedly promoted migration and invasion of BC cells (Figure 2(g) to (j) ).
miR-448 regulates ZEB1/2 through direct binding to the 3 0 UTR in BC cells miRanda and TargetScan analysis predicted one same binding site in the 3 0 UTR of ZEB1/2, suggesting that miR-448 may directly target ZEB1/2 ( Figure 3(a) ). To confirm the interaction between miR-448 and ZEB1/2, we constructed luciferase reporter plasmids which contain wild-type 3 0 -UTR ofZEB1/2 or miR-448 response element mutant (MUT) sequences (Figure 3(a) ). Co-transfection of ZEB1-3 0 UTR-WT and miR-448-mimics into BC cells resulted in dramatically lower luciferase activity than cotransfection with scramble miRNA and this reduction would be rescued in ZEB1-3 0 UTR-MUT or miR-448-inhibitor-transfected cells, suggesting that miR-448 directly targets ZEB1in (Figure 3(b) ). Likewise, co-transfection of ZEB2-3 0 UTR-WT and miR-448 resulted in much lower luciferase activity than co-transfection with scramble miRNA and recovered to the equal activity in ZEB2-3 0 UTR-MUT or miR-448-inhibitor-transfected cells, suggesting that miR-448 directly targets ZEB2 (Figure 3  (c) ). Same results were obtained in BC cell lines (Figure 3  (b) and (c) ). To test whether miR-448 is an endogenous regulator of ZEB1/2, 48 h after miR-448-mimics or miR-448-inhibitor transfection, BC cells were collected to analyze the mRNA and protein level of ZEB1/2. The results showed that ZEB1/2 mRNA and protein level in BC cells were markedly downregulated after overexpression of miR-448 ZEB1 and ZEB2, which are well recognized as important regulators of EMT in BC, 21, 22 were confirmed to be the targets of miR-448( Figure 3) . We transfected scramble miRNA and miR-448-mimic into two BC cell lines separately and subjected transfected cells to WB to detect ZEB1/2. WB results indicated that ZEB1/2 level was reduced by overexpression of miR-448 (Figure 4(a) ). In addition, migration and invasion ability of BC cells were evidently reduced when we overexpressed the miR-448, while this inhibitory effects would be released when we co-transfected with ZEB1 or ZEB2 (Figure 4(b) and (c) ). Resembling the inhibitory effects of si-ZEB1 or si-ZEB2, overexpression of miR-448 upregulated E-cadherin levels, while N-cadherin and vimentin, the mesenchymal markers, were downregulated (Figure 4(d) and (f) ). In contrast, cells co-transfected with miR-448-mimics and 3 0 UTR deleted ZEB1 appeared to have a nearly identical level of EMT markers to the scramble miRNA-transfected control cells (Figure4(e) ). Similar results obtained from the cells co-transfected with miR-448-mimics and 3 0 UTR deleted ZEB2 (Figure 4(g) ). Therefore, we identified that, through targeting to the 3 0 UTR of ZEB1/2, miR-448 functions as a tumor suppressor in BC cells.
Discussion
Accumulating evidence has demonstrated that miRNAs regulate the expression of target genes that involved in BC cells, 13, 14 which inspire us a new insight to recover the molecular mechanism of BC.
11,12 miR-448 has been demonstrated to participate in BC progression. 15, 16 We employed qRT-PCR for miR-448 expression on 16 paired of BC and matched tumor-adjacent tissues. In this work, we showed that the expression of miR-448 in tumor-adjacent tissues was notably higher than that in BC. In addition, miR-448 was expressed at significantly lower levels in BC cell lines. Besides, our data revealed that deduced expression of miR-448 was in linkage to higher level of ZEB1/2. On the other hand, overexpression of miR-448 restrained proliferation, migration, and invasion of BC cells. On the contrary, knockdown of miR-448 led to the increase of viability and motility of BC cells. Taken together, the results we presented indicated that miR-448 indeed functions as a tumor suppressor in breast cancer.
Our data showed a negative correlation between the expression of miR-448 and the protein level of ZEB1/2 which are the repressors of E-cadherin. It is widely accepted that EMT plays a crucial role in tumor metastasis. 17, 18 Accordingly, we determined the effect of miR-448 alteration on EMT (marked by E-cadherin and vimentin). The obviously increased expression of E-cadherin and simultaneous decreased protein level of vimentin indicated that miR-448 is a negative regulator of EMT in BC cells. On the contrary, downregulation of miR-448 increased migrated and invaded BC cells. Altogether, miR-448 inhibited migration and invasion of BC cells by suppressing EMT. In addition, through repression of a number of master regulators of epithelial polarity, ZEB1/2 are critical regulators in the expression of E-cadherin and EMT progression. 21, 22, [31] [32] [33] [34] [35] [36] By using luciferase reporter assays, we confirmed that miR-448 functioned by directly binding to the 3 0 UTR of ZEB1/2 transcripts. Furthermore, overexpression of ZEB1/2 results in the ectopic expression of miR-448, and then rescued the migration activity of BC cell lines. Consequently, we propose that disruption of miR-448 may be a critical event in BC metastasis.
In conclusion, we found that downregulation of miR-448 is observed in BC tissues and cells in vitro. The decreased expression of mir-448 is of physiological significance since miR-448 is able to delay the proliferation, migration, and invasion of BC cells by suppressing ZEB1/2-induced EMT. In summary, we consider miR-448 as a tumor suppressive miRNA that function as inhibiting the epithelialmesenchymal transition in BC cells by directly targeting the E-cadherin repressor ZEB1/2. Thus, for anti-cancer therapy of BC, we believe that miR-448 may be a suitable diagnostic marker and a potential target.
